Using two different cytotoxicity assays (MTT and LDH), CSE, eCig or IQOS exposure showed cellular toxicity with increasing concentration (figure 1a-h). A CSE concentration of >10% is highly toxic; therefore, we only used concentrations <10% in our experiments, which is also used widely in many ) fibronectin from Beas-2B and human ASM cells after 72 h of stimulation with CSE, eCig vapour or IQOS aerosol exposure was measured using extracellular matrix (ECM) ELISA at an absorbance of 450 nm and 570 nm, respectively. d and h) The level of glycolysis was determined in Beas-2B and ASM cells using a seahorse analyser, and extracellular acidification rate (ECAR); an index of glycolysis was measured after 72 h of stimulation with CSE, eCig vapour or IQOS aerosol exposure. Data are presented as mean±SEM (n=5-7). i-n) The effect of CSE, eCig and IQOS exposure on cellular toxicity and respiration. The cell viability (i and l), the lactate dehydrogenase (LDH) release ( j and m) and the mitochondrial respiration (k and n) from Beas-2B and human ASM cells was measured using Thaizolyl blue tetrazolium bromide (MTT) and LDH assays at an absorbance of 570 nm and 490 nm, respectively. k and n) Mitochondrial respiration was measured in Beas-2B and ASM cells using a mito-stress kit on a seahorse analyser (Agilent Technologies Inc., Santa Clara, CA, USA), and proton leak was measured as oxygen consumption rate shown as fold change to control. Cells were stimulated with serial dilution of CSE, eCig vapour or IQOS aerosol for 72 h (n=5). Data are presented as mean±SEM. A one-way ANOVA plus Bonferroni post-test was used to determine statistical significance. *: p<0.05 compared with control; **: p<0.01 compared with control; ***: p<0.001 compared with control.
studies [14] [15] [16] [17] [18] . In both Beas-2B and ASM cells, we found that CSE exposure significantly reduced cell viability and increased LDH release at 1, 5 and 10% (figure 1i-n). eCig exposure showed similar toxicity at 5 and 10% exposure. Interestingly, IQOS exposure was as toxic as CSE at 1, 5 and 10%. It is evident that both CSE and eCig vapour can induce inflammation in the lung [18, 19] , and as shown in figure 1a-h), CSE exposure in a concentration-dependent manner induced the release of CXCL8 in Beas-2B (figure 1a) and ASM cells (figure 1e). eCig exposure induced CXCL8 release at the highest concentration, whereas IQOS exposure showed a similar induction to CSE, suggesting that IQOS is as effective as CSE in inducing chemokine release from both types of airway cells. Next, we measured the induction of ECM proteins with airway cells; CSE, eCig and IQOS exposure in a concentration-dependent manner increased collagen 1 (figure 1b and f) and fibronectin ( figure 1c and g ) release with both Beas-2B (figure 1b and c) and ASM ( figure 1c and g ) cells. Finally, we measured mitochondrial respiration using a seahorse analyser, and found that CSE, eCig and IQOS exposure increased the extracellular acidification rate (a measure of glycolysis) (figure 1a-h) and proton leak (a measure of mitochondrial uncoupling) (figure 1i-n) in both Beas-2B (figure 1d) and ASM (figure 1h) cells, respectively.
Cigarette smoking has been linked to chronic lung diseases such as chronic obstructive pulmonary disease (COPD), asthma, pulmonary fibrosis, cancer and related comorbidities [1] . It took us nearly five decades to understand the detrimental effects of cigarette smoke on humans. Long-term eCig-exposure studies in humans are currently sparse, limiting our understanding of its direct effect(s) on both disease development and progression. eCig vaping is already at its highest level globally, and many countries are imposing stringent regulations in light of the emerging evidence showing the adverse effects of vaping on human health. IQOS use is comparatively new; it will take years before we start to know its detrimental effect on human health. We demonstrate here for the first time that IQOS exposure is as detrimental as cigarette smoking and vaping to human lung cells. Persistent allergic, smoke or environmental-triggered inflammation leads to airway remodelling/scarring through re-organisation of ECM and airway cell proliferation, and mitochondrial dysfunction plays a pivotal role in this process. These are the principal causes for airflow limitation in asthma and COPD. Here, we have analysed all of these mechanisms: inflammation (CXCL8), ECM release (collagen 1 and fibronectin) and mitochondrial respiration (glycolysis and proton leak). We observed collagen-1 and fibronectin induction by both Beas-2B and ASM cells to CSE, eCig and IQOS exposure. ECM proteins facilitate the conversion of mesenchymal cells to ECM secreting active myofibroblasts and epithelial mesenchymal transition (EMT) in chronic lung disease [20, 21] . Our data suggests that like eCigs and traditional cigarettes, IQOS exposure contributes to altered mitochondrial function which can further exaggerate airway inflammation, airway remodelling and lung cancer through active EMT, as seen in smokers [22] . It is widely understood that mitochondria of airway epithelium and mesenchymal cells play differential roles, consistent with their contributions to disease and essential for cell existence. Mitochondrial dysfunction also underpins many normal physiological processes and in certain pathological conditions, such as obesity or with an oxidant trigger such as smoke, eCigs and IQOS, it may impact lung diseases. Cigarette smoking and eCigs can exaggerate respiratory infections by increasing microbial adherence to the airways [23, 24] ; IQOS may increase respiratory infections through similar mechanisms.
Given our current findings and those of previous studies, in a manner very similar to cigarette smoke and eCigs, IQOS has the potential to increase oxidative stress and inflammation, infections, airway remodelling and initiate EMT-related changes in the airways of users of these devices. However, prospective clinical studies must be conducted to verify our in vitro, cell-based but highly important and novel findings on IQOS.
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